ABSTRACT
into account the bank strength, a distinctive condition not considered in previous works.
75
Because of their lack of physical-based principles, extremal hypothesis approaches to explain 76 and predict channel geometry have been extensively criticized (Ferguson, 1986 ; Parker et al., 
80
Regime models usually consider three degrees of freedom (width, depth, and slope) and four 81 external control variables (liquid discharge, sediment supply, bed grain size, and bank 82 strength). However, these variables reflect geomorphic processes acting at different temporal 83 and spatial scales, and this is not considered in regime models. Weicher et al. (2009) 
84
suggested that at the micro-scale (10 -1 to 10 -2 channel widths) the channel responds to external 85 alteration by changing the surface grain-size (e.g., armouring the bed); at the meso-scale and 86 macro-scale (10 0 to 10 1 channel widths) the channel reacts by generating bed forms and 87 increasing roughness; and at the reach-scale (10 2 channel widths) a river reacts by adjusting 88 its slope. However, there are issues related to the spatial scale at which channel geometry and 89 grain size are usually measured, as well as the length of water discharge database and the 90 availability of sediment transport measurements.
91
Regime approaches have been used to design alluvial stable channels (Park, 1977 (92 streams reaches) and laboratory data (36 small stream) are also used in the analysis.
106
Performance of model prediction is analyzed for the entire data set of 142 observed reaches.
107
With regards to the second objective, two disturbed rivers in Italy are analyzed. 
Selection of models and proposed modifications

112
Three models, all of them incorporating a bank stability criterion, were considered in this 113 study. One model incorporates an extremal hypothesis (Millar, 2005) is calculated imposing a stability constraint on the banks and the flow resistance relation , 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 River reaches were chosen for their morphological homogeneity and for having at least 20 and mean depth at bankfull stage were evaluated from cross-section profiles (Table 2 ).
231
Bankfull stage was recognized in the field as a clear threshold in channel geometry,
232
sediments, and vegetation composition (Leopold, 1994 regards to the mean prediction: model and the MM1, also give good predictions (AD equal +4.3% and -5%, respectively).
Record of channel adjustments of the Brenta and Piave rivers
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312
However, these statistics refer to the overall data. A closer inspection to model performance 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 2 shows the confidence intervals (95%) for each variable used in the applications of 331 regime models. The highest uncertainty is related to the assessment of bankfull discharge 332 which, on average, is within the range -29% to 36% around the best estimate. Width and 333 depth have similar confidence intervals. On average, there is a 95% of probability to find the 334 depth within the range -26% to +38% of the reach average, and the width within the range -335 24% to +32%. Reach average grain size distribution has a narrower confidence interval.
336
Considering the median grain size, its range is between -7.7% and 8.6%. With regards to the 337 bankfull water surface slope, it has been found to be within the range -19% to 19%.
338
The natural variability of hydraulic geometry parameters is propagated into dimensionless 339 parameters H*, B* and Q*. Confidence intervals for each parameter are also reported in Table   340 2. Dimensionless depth is expected to be found within a relative range of -28% to 40%, i.e., 341 similar to the depth interval. Dimensionless width has also a similar interval: -26% to 35%.
342
On the contrary, dimensionless discharge exhibits a wider range than its dimensional 343 counterpart; the range is between -34% to 45%. The incidence of data variability in the 344 prediction accuracy is also shown in Figure 3 . The abscise axes contains the confidence 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 ordinates show the confidence interval for the determination of H* and B* subject to the 347 variability in independent variables, i.e., bankfull discharge, mean diameter and slope. It is 348 evident how the variability in source data affects accuracy of prediction. Table 6 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
382
Modified Model 2 presents a systematic deviation as is evident from the slopes in Figure 3, in the width scatterplot is higher than 1 (Figure 3, e) . 
406
Plots of hydraulic geometry exhibits a wide scatter even in a log-plot scale (Figure 4 ), likely 407 due to both natural variability of river shapes and uncertainty related to the survey methods reaches.
416
Bankfull discharge is subject to uncertainties due to measurements error and model errors.
417
Measurement errors are found in the observation of bankfull stages along the study reach. µ' assumes a maximum value of 1.50.
458
The change in sediment supply has been back-calculated from reach average values of width, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Numbers (for instance 1811, IT05) refer to gaging station codes at each river reach. Hydraulic 707 geometry data are displayed in Table 2 . Triangles represent main cities in the region. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
